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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
TECHNICAL NOTE NO. 869

SUMMARY OF RESULTS OF TESTS MADE BY ALUMINUM RESEARCH
LABORATORIES OF SPOT-WELDED JOINTS AND
STRUGCTURAL ELEMENTS

By B, €, Hartmann and G. W. Stickley

*

- L SUMMARY

Avallable information concerning spot welding as a
means of jolning aluminum-alloy parts has been summarigzed
and comparisons have been made of the relative merits of
spot~welded and riveted aluminum-alloy structural elements,
The results indicated thdt spot welding was as satisfactory
as rlvetlng insofar as resistance to static loads is con-
cerned. - 9pot welds showed slightly lower resistance to
1mpact loads. but definitely lower re81stance to repéated
loads. than rivets. .

INTRODUCTION

Spot welding as a means of Joining alumlnum—alloy
parts has been under investigation for & number of years

by. the Aluminum Research Laboratories, working in coopera~
tion with the Jobbing Division of the Aluminum Company of

America, Considerable data have been collected concerning
the strengths of spot.welds, and it is the purpose of this

report to summarize the prlncipal information availadble to
date.
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. TESTS

Tests to Determine Minimum Static Shear
Strengths of Representative Spot Welds

in Various Aluminum Alloys

Tests of minimum static shear strengths were made
‘to obtaln comparative data on the spot-weld character-
istics of a number of aluminum alloys. These data are
intended to serve &as a basis for establishing allowable
stresses in spot welds for dsesign purposes. The tast
samples were prepared in conformity with usual shop
practice., The welds were made on No, JS-Nl1l alternating-~ .
current spot welder using a General Blectric Ignitron
timer., The welding tips were 5/8 inch in diameter with
either 7° or 11° cone tipss All the sheet was washed in
naphtha to remove grease and dirt, and all except the 28
sheet was given a 30-second etch with a solution of gum
_tragacanth and hydrofluoric acid.

_ For sheet thicknesses less than 0.04 inch, the test
pieces were“l inch wide and for pilecegs thicker than
0.04 inch, the ‘specimens were 1 1/2 inchss wide., All
specimens were simple lap joints containing two spot
welds in tandem 1 inch apart for the thin specimens and
1 1/2 inch apart for the thick specimeéns. The sdge dis-
tances were 1/2 and 3/4 inch and the total laps were 2

and 3 inches- for the thin and thick specimens, respectively.

All specimens were tested in Nevw Kensington Plant Labora-—
tory and, in the case of the heat-~treated alloys, at lesast

four days elapsed between the time of making the welds and

the time of testing. A lerge number of specimens was made
with the:use of various machine settings within the.normal
range and, from. these test data, mninimum shear strengths
in pounds per spot were selected "fhe resulting values
have been plotted im figure 1. :

The Static Shear Strength of Wide Spot-Welded
Joints in 0,051-inch Thick 525-1/2H Sheet

In the study of spot-welded joints, the strengths of
the spots and also the strength of Jjoints in which wvarious

groups of spoits are used must be known, Tests of the static
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shear strength were made for wvarious lap Joints in.a

525-1/2H sheet 0.051 inch thick; each joint was approx-

imately 11 1/4 inches wide. These jolnts were made with

one, two,or three lines of spot welds in the lap with the

use of various spacings of spot welds, distances between

rows, and edge distances. All the welded surfaces were

glven an etch of 30 seconds in & solution of gum traga-

canth and hydrofluoriec acid. All the welding was done

on alternating-current machines, Single-, double~, and

triple-riveted specimens made with the use of 3/1l6~inch

538~W rivets were tested for comparison. These specimens

were the same size as the spot-welded specimens. All .

specimens were tested with a special gripping device

(fig. 2) which preliminary tests had shown to provide

a reasonably uniform distribution of load. The results

of these tests are plotted in figures 3 and 4., The con-

* clusions from this investigation were as follows:
1. The strength per spot of the wide Joints which

failed in the spots varied with the spot spacing and number

of rows. The highest value obtained was 810 pounds per

spot and the averags was aboubt 720 pounds per spot. These

values check fairly well with the results of tests of

narrow strips cut from some of the wide Joints, in which

the highoest value was found to bs 800 pounds per spot

and the average about 760 pounds per spot.

2. The strength per spot for wide specimens with a
single row of spots was found to decrease very rapidly
when the edge distance was less than 3/8 inch., The lowest
value obtained was for an edge distance of 1/8 inch (total
lap = 1/4 in,) in which case the load per spot was found
to be as low as 293 pounds., 'The lowest test result for
edge distances 3/8 inch or greater was 622 pounds per spot.

3., When the spots in the wide specimens were closer
together than 1/2 inch for one row of spots, 3/4 inch for
two rows of spots, and 1 1/4 inch for three rows of spots,
failure of the specimens occurred by tearing the shest
rather than by spot failure. The maximum value of stress
on the gross area corresponding to the ultimate load was
33,800 pounds per square inch, a value which Is about 6
percent less than the corresponding tensile strength of
the sheet as determined on tensile specimens 1/2 inch
wide., The minimum value of stress on the gross area
corresponding to the ultimate load was 27,000 pounds per
square inch and the average was about 31,000 pounds per
square inch., B
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4, The highest strengths in the wide spot-welded
joints were obtained with the following spot spacings;

Numbex Maximum ultiméte load
of Spacing per inch of width
rows (in.) (1p)
1 o} 1557
2 3/4 1678
3 1 1686

\
®continuous seam of overlapping spots.

5., The strongest wide spot-welded joints tested rep-
regsent an cfficiency of 94.3 percent based on the tensile
strength of the unspliced sheet.

6. Joints with two rows of spot welds represent a
distinet increase in strength over Jjoints with one row of
spot welds, Additional rows of spot welds, however, do
not further increase the strength to any marked degree.

7. Although there 1s falr agreement between the rer
sults obtained for the wide specimens and for the narrow
strips, particularly for specimens containing two or three
rows of spots, 1t 1s evident that values obtalned from
tests of individual spots should be applied with caution
in design calgulations for spot-welded Jjoints.

8. The wide-riveted joints tested for comparison
with the spot~-welded Joints were not so strong as the
spot-welded Jjoints although the individual rivets used
were of epproximately the same strength as the individual
spot wolds. )

9. The strongest wide-riveted Jjoint had an efficiency
of 86.6 percent in comparison with 94.3 percent for the
strongest spoit-welded Jjoint.

[H
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Shear Fatligue Tests of Spot Welds
in Various Aluminum Alloys

" In order to determine the strength of spot welds
subjected %o repeated shear loads, tests were made of
welds in two thicknesses, 0,032 and. . 0.084 inch, of the
'fbllowing alloys of sheet: 3§-0, 38-1/2H, 175-7, Alclad
1?S-T. 248-T, Alclad 24S8-T, Alclad 245-RT, 52S8-0, 525- -1/2H,
and 538-T. Metallographic examination of at least two
welds from edch group showed that, in general, the welds
in 0,032 4inch thick sheet were sound but those in 0,064~
inch thick shecet contained some porosity. The individual
specimens used, which are shown in figure 5, consisted of
simple lap Jjoints each with & single spot weld. These
specimens were cut from panels welded with the use of
alternating~-current machines and the gurfaces of the sheet
wvere cleaned before welding. The 178~T and 248-T sheets
were cleaned by etching in hydrofluoric acid; the other
alloys were usually washed with benzine. Your specimens
were tested simultaneously in rotating—beam fatigue ma-
chines, as illustrated in figure 6, except in those casses
in which less than 15 cycles of stress were required to
cause falilure, During each rsvolution of the rotating-
beam machine, each weld was subjected to a load that '
varied from a maximum in shear in one direction to 'a max-
imum in the opposite direction and back again. In the
tests requiring less than 15 cycles, four specimens. were
tested simultaneously, using the same fixtures showh in
figure 6; but the tensile and compressive loads were
applied in an Amsler universal testing machine, the samée
as in ordinary tensile and compressive tests. In the
present investigation; these tesis that involved high
loads and small numbers of cycles wsre made only on the
weglds in 0,032-inch thick sheet. - t o T -

The test results and. .the static strengths are sum-
‘marized in tablas I and II.” The results  of the individual
fatigue tests are plaotted in figures-7 and 8., 1In these
figures, the value plotted.for the fatigue strength at_“
0.235 cycle is the.static strength. . '
It will be noted that, -for the 0.0%2-inch thick sheet,
the endurance limits vary from 20 to 30 pounds per spot for
the different alloys. The lowest endurance limits were those
of joints in 24§-T and 528-1/2H and the highest in Alclad
248-T7, These endurance limits range from 5 to 13 percent
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of the corresponding statlc strengths. In general, the
high values were obtained with alloys in the annealed
temper and with Alclad materials, and the low ones were
obtained with alloys in cold-worked tewmpers and with
nonclad heat-treated materials. The tests of jolints in

a2 sheet strip 0,064-inch thick, although guite incomplete,
indicate endurance limits of 40 to 60 pounds per spot,
with ratios of endurance limit to gstatic strength about
the. same as for the 0.,032-inch thick sheet.

In these tests the primary fallures oceéurred in the
sheet at or slightly within the weld and not through the
mein body of the weld. This condltion is illustrated
in figure 9. _ Inasmuch as the fatigue failures did not
occur primarily by shearing of the welds, the test re-
sults indicate the strength of spot-welded joints in
sheet strip of the widths used and not the fatigue
strength of the welds themselves, They are, therefore,
useful chiefly as an indication of the lower limits of
resistance to fatigue and may be to0 conservative. It
gshould also be remembered that the welds in the 0.064~ -
inch thickness of the different alloys containcd some
porasity, which as indicated in a subsequont section
of this report, has a harmful effect upon fatigue re-
sistance. . : .

Direct Ten51on —-Compression Fatigue:.Tests of
Structural Members Built up from 1/8 1nch
' 'B28~1/2H sheet '

Dlreot ‘tension-compression fatigue tests were con-
ducted to obtain data on the relative merits of spot-
welded and riveted aluminum~alloy structural elements
subjected to completely rYevorsed axial loads. Specimens
were of the type shown in figure 10, which also shows
the fixtures. for the attachment.of the specimens to the
movable and fixed heads of thé fatigue-testing machine,
It will be noted that the specimen consisted essentially
of three pairs of channels back to bsck spliced at in-
tervals by means of cover plates spot welded or riveted
to the flanges. .All the spot welds were made on an
alternating—cufrent machine. 'The specimens were tested
in a vertical position in a fatigue testing machine of
- 50,000-pound capacity. (See fig. 2 of referencé 1.} The
results 0of these tests are shown in table III and are
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plotted in filgure 11, It i1s evident from figure 11 that
the fatigue strength of the riveted speciméns 1s consid-
erably greater than that of the spot-welded specimens.

Comparative Beam Tests of Spot-Welded and Riveted
Girders of 17S-T and 61S-T under Static,
Inpact, and Fatigue Loads

" Beam tests were conducted in order to make a general
comparison of spot-welded glirders and riveted girders under
static, impact, and repeated loads. The specimens were
designed primarily to represent a type of connection and
thickness of material encountered in rallway-car consitruc-~
tion. Pigure 12 shows the dimensions of the specimens and
a list of the various combinations originally planned for
this investigation. Items 8 to 14, however, were not com=-
pleted and, therefore, were not tested.

All the spot welding on the specimens in this inves-
tigation was done on alternating~current machines. The
flahge: welds were made using a 7/8-inch diameter 11° tip
on the channel side of the. weld and a- flat tip on the -
cover-plate side. In. -the.case of the 175-T girders, the
spot welds were: formed by e special procédure that involved
several applications of welding current spaced a shortiime apart,
the welding pressure belng maintained during the entire
welding cycle. Spot welds representative of this practice
_on samples of 1/8-inch thick .178-T gave static shear strengihs
of 2996 pounds per spot. Spot welds reprosentative of the more
.normal procedure used on the 1/8-inch thick 618-7 gave static
shear strengths of 1939 pounds per spot. Both of these static
strength values are consldered very satisfactory. Chisel
tests on sample welds also indicated satisfactory welds. X=-
ray examination of some of the spot welds in one of the 1l78-T
glrders indicated welds free from cracks with only a small

amount of porosity. Tt

_ In all tests a 60-inch span length was used with suit-
able bearing blocks at the center and at the ends of the
span. In the static tests a 40 000-pound capacity Amsler
testing machine was used and the arrangement for the test
is shown in figure 13. The impact tests were made by drop-
ping & 500-pound tup in a special impact-testing machine
using the arrangement shown in figure 14, The fatigue tests
were made using complete reversal of load in a fatigue test—=
ing machine of 50,000~pound capacity. (See fige 2 of refer-
ence l.) The arrangement for the fatigue tests is shown in

.
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figure 15, The results of these tests are shown in tables
IV, V, and VI, and the fatigue test . resulis are plotted
in figure 16, These fatigue data have boen summarized 1in
another form in table VII. 7Two of the speclimens after the
completion of "the impact test are shown in figure 17, and
one of the fatigue specimens after the test is shown in
figure 18, The conclusions drawn from this investigation
aro as follows!

1., All failures in the static-beam towts occurred by
buckling of the. cover plates. Some of the spot welds pulled
apart after the plates had buckled but no rivat failures
occurred. :

. 2+ 'The results of the static tests indicate that
there is no marked difference between the loads and the
load deflections for the riveted and the spot-welded con-
struction, except that the girder with countersunk rivets
carried less ultimate load than the others.

3. Pallure of the girders in the impact tests oc-
curred in subdbstantially the same. way as %t hose in the static-
load tests, namely by buckling of. the cover ~plates, Faillure
of aluminum-alloy - rivets. usually did not roccur until at
least thiree drops had been, made after ‘t he flrst buckle
.of the cover plates -appeared. .There wetre ‘no fallures of
any steel rivets, Fellure of spoﬁ welds. by pulling apart
usually occurred simultaneously with the first evidehce
of buckling of the cover plates in the impact tests.

4. The results indicate that there is no marked difw=
ference between the riyeted and spot—welded constructions
in regard to the total resistance to impact and the -ability
to withstand permanent set without fracture of the channel
or cover plates. ’ : :

5, In the fatigue tests failure in most of the spec-
imens occurred by transverse fracture, sometimes in the
channels and sometimes in the cover plates., In the riveted
girders these fractures frequently peswed through rivet
holes and in the spot-welded girders they usually occurred
at the edges of the-spots.: There were no rivet failures
and fallures gcecurred in only two tests by shearing spot

welds. .

fes In 178~-T.the. spot-walded girders bhad’ definitely
lower fatigue strengths than any with rivets., The same
was true.for 613~T girders welded in the T condition.

&
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7. The fatlgue strength of spot-welded GlS T girders
is appreciably higher when the artificial aging is done
after instead of before welding and is higher than for
any of the other spot-welded girders tested. :

8. The fatigue strength of spot—welded 61S~T girders
artificially aged after welding is about equal to that of
either 178~T or 61S-T girders made with hot~-driven stesl
rivets but 1s definitely less than that of 178~T and 61lS-T
girders made with cold-driven cone—point aluminum-alloy
rivets.

Comparative Tests of Spot-Welded and Riveted

Box Beams of Alclad 248-7T Sheet

Static and fatigue strengths of spot-welded and riveted
box beams fabricated from l4-gage Alclad 248-T sheet are ~
being compared in an investigation which is still in prog-
ress,. Two designs of specimens,-one of. which is shown
in figure-19, are being used, the differences.being negli-
gible as far as the object of the investigation is con-"""
cerned., Both static and fatigue tests are beéing made in
which specimens are tested as simple beams with either. . _ .
central or two-point loading as shown in flgure 20. The-

arrangements used in the central loading tests are .similar

to those shown in figures 13 and 15. )
The investigation includes tests of three lots of
beams., In one, the beams were spot welded using alternating-
current machines; in another, then were spot welded using
energy-storage equipment; and, in the third, they were
riveted. X-ray examination indicated that. the alternating-~
current spot welds contained cracks, whereas the energy-
storage welds were sound. Photomicrographs of sections
through presumably typical welds from cach of the two Iots
of beams are shown in figure.2l, The corresponding static
shear strengths of the two kinds of spot welds, as deter-

mined from auxiliary tests of lap-joint specimens, were
about 590 and 970 pounds, respeciively. Thse. formsr  value
is conslderably below the. minimum (about 835 lb) shown 1n
figure 1 for spot welds in 0,064- inch thldk Alelad 24 8- T
sheet, -

Static tests have been completed on the beams with
alternating-¢urrent spot welds and on those which were
rlveted. Almost equal strengths were developed, the
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respective computed maximum bending stresses at failure =
were 25,000 and 25,100 pounds per square inch. Failures ,
occurred by buckling of the compression flanges adjacent

to the load point at the center of the span. XNo evidence

of any spot weld or rivet failures was found, Because

of the manner in which these beams failed, the beams with

the energy-storage welds probadbly would have about the

same static strength as the others.

Table VIII end figure 20 summarize the results of
the fatigue tests under completely reversed bending, In
the test of the beams with alternating~current spot welds,
fallure usually -began as cracks through the welds. In the
other two series of tests, many of the failures apparently
began at locations other than those containing spot welds
or rivets and, in some tests, the failures occurred entirely
at such locations. When fatigue cracks did extend to a
weld in the beams containing energy—~storage waeslds, thess
cracks generally were tangent to the edge of the weld in- -
stead of passing through the weld., The reosults of the - B
two 'series of tests in which fallure began at locations - - < —

"other than those containing spot welds or rivets, there-

fore, ‘are hot- necessarlly indicative of the relative fa- .

tigue streagths of &pot-welded 'and riveted- beams. .Com=- *
paring the results of the tests of the two -lots of spot-

weldad "beanms, however, it is guite evidént that the beams

with the alternating~current welds were much inferior to

those with the energy-=storage welds. Much, if not all, _ ) N
of this difference can undoubtedly be attributed to differ- '

.ences in soundness of the welds, although the diameter of i

the energy-storage welds was greater than that of the
alternating~current welds.

Fligure 22 shows the fatigue fallures which oceccurred
in one of the beams containing alternating-current spot -
welds.

Generel Discussion

The foregoing-tests .are not complete enough to permit
final conelusions to be drawn, It is safe to say, however,
even on the basis of the limited data presented herein,
that spot-welded construction can be made to equal riveted JR
construction in resistance to static and impact loadings.

In resistance to fatigue it appears at present that spotw
welded construction will not egual the best riveted con=
struction unless the spot welds are more sound and free
from cracks than the alternating-current welds used through-
out most of those tests.
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Even though the spot-welded specimens used in the
tests described hersin were not consistently equal to
riveted specimens in resistance to fatigue, this does
not mean that spot welding should not be used structurally.
There are many structural applications, even in locations
subJjected regularly to vibration and repeated loading, in -
which the highest order of resistance to fatigue is unot
essential, ZExperience has shown that spot~welded parts
and structures are capable of withstanding quite severe T
service conditions. TFor example, many aircraft fuel tanks
spot welded on the same asaltoermating-current machines wused
in the preparation of the specimens described in this re-
port have been testsd on vidbration machines approved for
such tests by the Army and Navy and have shown gsatisfactory
life. The results of these tests and the behavior of the
tanks in service are adequate evidence that, in spite of
the relatively poor fatigue strengths of the alternating-
current spot welds in the laboratory tests, it is possibla™ 7
to design spot-welded structures which will satisfactor- ’
ily withstand vibratory stresses. R

Aluminum Research Laboratories _ - _— —_
Aluminum Company of America,
Yew Xensington, Pa., May 13, 1942,
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TABLI I

STATIC AND SHEAR FATIGUL TESTS OF ALTIRNATING-CURRINT
8POT WELDS IN SHILIT BTRIP

14-gage sheet, 1 in. wide 20-gage sheet, 1/3 in. wide
8tatic Endurance Static Indurance
Sheet alloy atrength 1imit Endurance .trength linit Indurange
and temper (1p (1v) ratio (1b o (1B) ratio
(o) )

38-0 539 b50 0.09 233 28 0,13
38-1/3E 543 80 L1l 233 38 .10
178-7 894 R - 243 38 .08
4lolad 178-T 866 — - 438 a7 .08
348-1 1313 -— -_— : 381 . bgo .08
Alcled 348-T °77 40 .04 363 30 .08
Alclad 348-RT 1111 -— -— 449 28 .08
538-0 818 35 .04 885 26 .10
538-1/3H 1036 -— -— 338 31 .08
53g-T 713 - - 353 87 .08

aror l4-gage sheet, 40-million cyols basis; for 30-gage sheet, 300-million-oycls basis.
Prstimated from incomplete tests.

‘ TABLE II
SHEAR FATIGUL STRENGTHS OF ALTERNATING-OURREINT SPOT WELDS IN SHEET STRIP

Yatigue gtrength, 1b per spot

Oycles
Sheet 10 100 {1000 |10, 000 {200,000 |1,000,000 |10,000,000|100, 000,000 |B0O, 00C, COO
alloy and temper

Shest, 0.033 in. thiock

38-0 163 |111| 77 58 37 20 a8 28 38
38-1/2H 147 (109 78 52 38 30 34 23 23
178-T 860 {1923| 140 93 568 34 33 33 33
Alclad 178-T 348 {198} 153| 110 73 39 37 a7 a7
848-T 523 [ 208( 147 o4 54 33 a3 30 20
Alclad 348-7 4370 rme 163 8113 a7l 41 31 30 30
Alolad 248-~RT 375 (198 147| 108 78 40 29 28 38
638--0 180 | 148} 110 83 56 37 38 a6 as
538~-1/3H 183 | 148| 115 83 53 38 33 31 3l
539-T 366 | 813| 163| 118 75 4) 30 28 a7

Sheet, 0.084 in, thick

38=0 — -—] - -— o4 es 586 50 80
3s-1/238 - e - 103 83 65 80 80
Alclad 348-T -— -] - - 180 94 53 43 40
538-0 -— -] - -— 154 77 43 38 35
63s-1/8H -— ] - - 188 88 -— -— -—
538-T -— —] - - 147 80 -— — —

xgtimated values.
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TABLE III

13

RESULTE OF DIRECT TENSION-OOMPRESSION FATIGUE TISTS OF STRUOCTURAL MEMBERS

COXSTRUCTED FROM 1/8-INCH 538~-1/3E SEFET

{411 tests made with complete reversal of load]

Tenslle area|Number Area of | Bearingi{Total | Tensile Total | Shear |Bear~ Kumber
% of cover of one aTea | load | stress in load | stress| ing of
g plate gpots rivet of one{ on cover plate| per in |stress cyoles
Rt (8q in.) or in rivet |spec- | (Ib/sq in.) | apot | rivets| (1b/ at
e rivets shear | (sq in.)|imen or (1b/ |eqin.)| failure
8 | Gross | Net |trans- | (sq in.} {ib) pross | et |[zivet | sqin.) (

area | area |ferring aTea |area |(1b)

load
Spot-welded specimens ) B
1[1.135|——-| 386 —— £B990 46150 | === 194 —— | — 20,700
2 } 1.138 | ===} &B ——— | === |&5Q00 | #4400 | ————] 138 —— ] ——— 230,800 .
3 | 1,135 | ~——} 73 ———— | === | 24980 |%4300 | -————| 68 —— | —— 169,700
8 1.135 | ~——mee 48 ——— #4950 | #4380 | m=——w| 103 — — 197,500
Riveted specimens T ~

1,135 | 1.007 36 0.0519 0.0319 (47010 |&68170 | 6950 | 195 37650 6080 960, 700
6 ) 1.135 |1.007| 36 0,0619 | 0.0319|&5564 |44900 | 56530 | 155 23970 | 4830 | 1,808,000
7 | 1,135 |1.007| 36 0.0518 | 0.0319|k4515 w3570 |&d470| 135 2410 | 3930 [13,854,800

8411 specimens except 1 and 7 failed by tTansverse fatl

through the spot welds or rivet holes.

Specimen 1 8

e fracture of the cover plates

ared 18 gpot welds; Speolmen 7 did

not fail. i
TABLE IV
ULTIMATE LOADS AND MODULI OF FAILURE FROM BTATIO BEAM TESTS
acimen 1lat and onnection; Ultimate load Modulus of fallure
Spec Poha.::els ¢ g {1v) (1b/8q in.)
(2}

1-A 178=7 Button-head steel rivets 13,300 39,5800

1-B 178-T Button-hesd steel rivets 11,930 35,400

2-A 178-7 Oone-point AL78~T rivets 11,560 34,300

2-B 178~T Cone-point AL78~T. rivets , 36,300

3=A 178-1 Countersunk Al78-T rivets 10,300 30,800

3-B 178-7 Countersunk AL78-T rivets 10,880 31,600

A-A 178-T 8pot welds 11,880 54,600

4-B 178-T Spot welds 13,6850 37,600

B-~4 81s~1 Button-head steel rivets 13,410 36,800

5-B 618~-T Button-head steel rivets N 35,600

8-A 818~T Qone-point B35-W rivets 18,275 38,400

6=-B 818~T Cone-point 538-¥ rivets 13,385 38,400

7=A 618-T Bpot welds 11,930 35,400

%-B 818-T Spot welds 11,800 85,400

% btained by substituting ultimate load P in the ordinar
In this case the stress ig calculated at the edgs of ths

the complete expression for modulus of failure 1s

Modulus of failure = % (80 - 2.B) x

beam formula.

2,125 . 3.97
10.30 F

1/2-in. center besring block so that

Strass = Mo/I.
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TABLE V
IMPACT TESTB OF GIRDXRS
Helght of Helight of Height Perma~
Plates and drop for drop for of drop | nent set
Specimen channels Connections firet Iirat rivet at oom- at com-
buckle or spot pletion pletion
{(in.) -failure of test of test
(in.) (in.) (1in.)
1-¢ 178-T Button~head stesl rivets 10 ¥o fallure 18 6.731
1-D 178-T . Button-head steel rivets e Ko failure 17 6.804
3=C 178-T Cone~point AL78-T rivets 8 13 16 5.485
3-D 178-~T Cone-~point A178-T rivets ] 17 17 7.008
3-0 178~T Qountersunk Al78~T rivets 7 12 18 8.0680
3-D 178=-T Countersunk A178-T rivets 7 11 17 5.332
4-0 178-T Spot welds 8 8 14 5,082
4-D 178-T Spot welds ) 10 *’ 5.607
6-C 618-T Button-head steel rivets 10 ¥o failure 18 5.445
5-b 81lg-T Button-head steel rivets g No failure 15 5.314
6-0 618-17 Qone-point B38-W rivets 8 11 16 5.834
68-D 818-T Cone-point 538-W rivets 13 16 17 5.802
7-0 615-T Spot welds g 9 15 7.103
7-D 61S~T Bpot welds 8 8 14 5.350
L]
TABLE VI
BEAM-FATIGUE TESTS OF GIRDERS
Chan- Cycles to fallure
nel oad, 1b )
Item| and (v
plate Connectio 4000 *3000 %3600 &2000 %1500 #1000
1l 178-T |Button-head
steel rivets 88,800({4) {193,100(F)" - 1,050,300(4A) {3,068,800(4) -
3 |178-T|{Cone~point
A178-T riveis | 211,700(4)|701,000(G} - 1,192,000(4) |3,517,600{G) -
3 |178-T|Countersunk
AL78-.T rivetas | 141, 300(A) 434,30Q(D) |673,600(4) [°B,111,300 - -
178-T [Bpot welds 79,200(F)| 89,300(F) - 338,800(F) - 2,713,300(F)
618-T [Button-head
steel rivets 40,600(4) |192,600(4) - 1,048,800(A) |3,368,100(G) -
6 }618~T |Qone-point
638-¥ rivets | 303,400(A)|686,500(0) - 1,142,200(0)|1,334,300(0) -
7 |818-T |Bpot welds 24,400(E) | 104, 700(T) - 402, 700(B) - 4,408, 700(B)
15 |818-T{8pot welds
?a.ged after
welding) 58,400(L){319,000(F) - 894,400(E) - -
&) - Oracks at rivet hole ior spot weld) in main channel, usually at stiffener channel.
B - Cracks at rivet hole (or spot weld) in cover plate.
0 - Oraocke across cover plate and above spacer chgnnel (under cemter clamp), but not through
any rivet hole or spot weld. . . . =
D - Orack at rivet hole in main channel; also ordok in corner of chanuel and not gt asay rivet hole.
E ~ Spot welds between cover plate and channels shéared.
F ~ Same as A and B.
G - Same as A and 0.
H - Same as B and Q.
b rne loads :Eplied were such tbat the bending stresses varied from & maximum in tension tc the same
nuxeric value in compression.

© No failurej; test discontinued.

-Ll;r i

T
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TABLE VII

SUMMARY OF FATIGUE STRENGTHS OF SPOT-WELDID

AND RIVETID 178-T-ARD 618-T GIRDIRS

Maximum load supported,lb
Channel Oyoles
Iten and 10,000 | 100,000 | 1,000,000 | 10,000,000
plate Qonnection
1 | 178-t | Button-head stesl rivets - 3700 2000 -
2 178=T | Cone-point Al78-T rivets — 24800 2800 —
3 178-7 Oountersunk Al78~T rivets - 24400 8300 23000
4 | 178-T | Spot welds — 3300 1400 2300
1] 618-T | Button-head steel rivets - 3400 1800 -
8 818-T | Oone-point 6538-W rivets - -— 3200 —-—
7 | e1s-T | epot welds 84700 3000 1500 2500
15 818-T | Spot welds (aged after welding) - 3800 21800 -
Srgtimated
TABLE VIII
FATIGUL TESTB OF ALOLAD 248-T EBOX BEAMB
[A1l tests made with complete reversal of stress]
Loading Maximum Oycles
Construction | arrangement bending at Location of failure
in test stress fallure
(1b/sq in.)
Spot welded Gentral #16,000 3,300 | Cover plate under center bearing block.
a-c) & 7,560 31,400 | Oracke in espot welds near center of span.
* 3,480 465,300 Qracks through spot weld in channel.
& 2,080 3,171,600 | Cracks in spot welds near center of span.
t welded Two-point &15,330 80,700 | Cover plates and channel seotions,
eNergy~ through only one spot weld.
storage) &10,050 239,500 | Cover plates and channel sections. Xo
failure through spot weld.
* 7,870 306,300 cha.nneé sections. One crack at edge of
. weld.,
& 5,030 88,800,000 | No failure. Test still running. (7-33-42)
Riveted Central %16, 700 36,300 | Cover plate under center bearing block,
*123,800 80,100 | Cover plate under center bearing blook,
& 7,890 1,087,700 | Channel sectlions,
& 4,860 N ,8600 | Ohannel sections,

"Bee remarks in last column.
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Figure 1.- Minimum shear strength of spot welds.
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Figure 3.- Effect of spacing on strength of spot-welded joints in 0.05i- mch thick SZS'éH sheet.
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Figure 4.~ Effect of odge distance on
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Figure 9. — Typical fatigue failures of spot-
welded Jjoints in Alclad 24S-T
sheet 0.032 inch thick.
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Fig. 14

FTigure l4.- Iln/ipaot test of riveted girder built up of 618-T sheet
8 inoch thick.



Figure 15, - Beam fatigue tests of spot welded girders made of 61S-T
sheet 1/8 inch thick,
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PO oP

Alternating-current weld before test.
Alternating-current weld after test.
Energy-storage weld Lefore test.
Energy—-storage weld after test.

Figure 31.— Sections through spot welde before and after fatigue
tests. Magnification, 10 times.



Figure 22. - Spot-weld fracture after fallure in fatigue.
stress, 1 3460 pounds per square inch,
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